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FOREWORD 


Tnis  report  represents  a study  desif^ned  to  irwestigate  the 
effect  of  practice,  expostire  time,  and  individual  variability  on  the 
precision  with  which  an  individvial  can  align  two  straight  edges. 

This  report  was  preps-“«d  by  the  University  of  Wisconsin  under 
Contract  No,  AFl6(600)-5ii.  The  contract  was  initiated  under  a project 
identified  by  Research  and  Development  Order  692+-ij9»  •‘Hu?aan  Engineering 
Research  on  Fire  Control  and  Wissile  Control  Systems,"  The  contract 
was  actniriieoered  by  the  Psychology  Branch  of  the  Aero  Medical  Laboratory, 
Directorate  of  Research,  Wright  Air  Development  Center  with  Mr,  Melvin 
J,  Warrick  acting  as  Project  Engineer. 
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ABSTRACT 


The  efleet  of  pi'actice,  individual  variability,  and  duration  of  exposure 
on  the  precision  vlth  which  a subject  can  align  two  straight  edges  was  inves- 
tigated. 5’or  untrained  subjects,  precision  bscoaos  poorer  with  decrease  in 
either  duration  of  exposure  or  luminance.  Come  subjects  inproved  their  per- 
formance with  practice  but  the  averaige  acuity  t'alues  for  32  subjects  showed 
no  significant  changes.  Individual  differences  with  respect  to  practice  and 
to  the  variables  of  luminance  and  e:q)osuire  time  were  unusually  large. 
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INTRODUCTION 


In  the  first  paper  of  this  series  of  eiq?eriinents , the  relationship 
betveen  severaJ.  stimulus  factors  and  the  precision  with  which  a rubjeot 
can  align  two  straight  edges  was  reported  (l)=  The  present  report  repre- 
sents an  extension  of  this  study  to  include  the  influence  of  ejqpustire  time 
and  Individual  viuriability  on  such  vernier  adjustments.  Because  of  the 
high  accuracy  of  vernier  acuity,  the  possibility  of  utilizing  vernier  con- 
figurations to  present  information  on  a display  is  suggested.  In  this  re- 
spect it  is  of  interest  to  know  how  vernier  discriminations  are  affected 
by  poor  viewing  conditions.  In  particular,  .Information  concerning  the 
effect  of  short  durations  of  exposure  would  be  of  value  since  previous 
investigators  have  reported  that  unlike  other  measures  of  visual  resolution, 
a deterioration  in  vernier  acuity  results  from  brief  S'-lT'S  5 which 
apparently  can  not  be  improved  by  increased  luminance  (2).  It  is  also 
inportant  to  know  how  the  precision  of  vernier  adjustments  varies  in  a 
population  of  subjects,  most  published  reports  having  been  based  on  data 
from  a few  individuals.  The  use  of  untrained  subjects  >rDuld  also  permit 
ansJ-ysis  of  practice  effects  and  would  be  heJLpful  in  predicting  performance 
on  tasks  requiring  vernier  discriminations. 

APPARATUS  AND  PROCEDURE 

The  apparatus  employed  in  the  original  experiments  was  modified  by 
Ihe  addition  of  a rectangular  border  to  the  test  field  to  aid  in  orienting 
the  eye,  and  an  artificial  pupil  2.5  sa  in  diasst^r.  Provision  was  also 
made  for  presenting  the  vernier  test  object!?  for  brief  durations  of  esqx)- 
sure  as  veil  as  continuously. 

The  stimulus  hers  as  they  appear  to  the  subjects  arc  scheratlcally 
diagrammed  in  Fig.  1.  The  bars,  viewed  in  treuismitted  light,  are  white 
and  each  subtends  7*l6  minutes  of  arc  in  width  emd  35*8  minutes  of  arc  in 
length  at  the  viewing  distance  of  10  feet.  The  inner  boundaries  of  the 
flfmtion  bordei  subtend  28.7  by  100.3  minutes  of  arc  and  the  widoh  of  the 
border  is  28.7  minutes  of  eu7c.  Continuous  lllumi nation  of  the  test  object 
bars  is  provided  by  a 200  watt  projection  bulb  drawing  1.6  amperes  A.  C. 

Exposure  of  the  bars  for  .0002  seconds  is  accosplished  by  discharging  100 
microfarads  at  U50  volts,  D.  C.,  through  a F.  A.  104  Sprague  electronic  flash- 
tube.  The  fixation  border  is  illuminated  by  a fluorescent  light. 

The  subjects  sire  Introduced  to  the  api>aratuB  by  first  showing  them  the 
stimulus  field  with  the  bars  llliimiDated  continuously  and  not  in  eLLignment 
(Fig.  1A).  ‘They  are  told  that  their  task  is  to  adjust  the  upper  limb  of  the 
test  object,  by  means  of  a knob,  so  that  the  edgss  of  tbs  bars  coincide  (Fig.  IB). 
In  order  to  be  certain  that  the  subjects  understand,  they  are  aillowed  to  make 
one  adjustnsnt  before  beginning  the  experizaent.  For  ejqperlmental  sessions  in- 
volving the  short  duration  of  exposure,  the  test  object  is  illuminated  every 
five  seconds  and  the  subject  attenpts  to  align  the  test  object  limibs  between 
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s’jccfts'ivo  exposures.  Patiieen  flashes;  only,  the  fixation  border  is  visible. 
After  a inaximm  of  10  flashes,  the  position  of  the  upper  limb  is  recorded 
from  a micromecsr,  the  upper  linb  is  offset  (randomly  to  the  right  and  to 
the  Icift),  and  the  procedure  is  repeateds  Voveswnt  of  th«  control  knob  (one 
inch  dianetei')  through  one  revolution  displaced  the  upper  limb  of  the  test 
c-bject  by  3!5  s^iconds  oI  arc. 

Calibratiun  of  the  luminance  prodi-c»i  by  the  flash  tube  could  not  be 
done  in  » c>j^rrvenbional  manner  because  of  the  extremely  short  duration.  In- 
stead, the  aosolute  threshold  for  the  test  object  was  determined  for  both  the 
flash  and  for  continuous  exposure  with  the  incandeacent  source.  Luminance 
specif io."=tiou  fer  the  shoid;  duration  is  expressed  I’elative  to  the  absoltite 
thr-eshold  for  the  flash.  The  corresponding  value  for  the  incandescent  lanp 
is  .Oi  miillla:nbert.  The  maxijmim  luminanc  e produced  by  the  continuous  source 
■»7a3  425  tTdllilamberts , the  fixation  border  was  always  one  half  this  amount. 


PRELIMINART  EXPERBiUrT 

Three  untrained  subjects,  inaje  undergraduates  who  were  paid  for  thc'^ 
services,  were  required  to  make  ten  vernier  adjustments  at  the  short  duration 
of  exposure  for  Irrrdr.anca  levels  of  0.7,  1.2,  1.7,  3.2,  and  li»7  logio  '»its 
above  absolute  threshold.  Ten  minutes  dark  adaptation  preceded  each  experi- 
mental session  after  which  the  luminance  levels  were  tested  in  ascexiding  order. 

This  procedure  ’^as  repeated  for  four  consecutive  days.  As  an  inverse  ireasure 
of  vernier  acuity,  the  standard  deviation  in  seconds  of  arc  of  the  ten  coinci- 
dence adjustment  «a3  computed.  The  individual  jpesults  are  presented  in  Table  I 
and  the  average  curve  in  Fig.  2. 

The  average  curve  exhibits  the  same  relationship  as  previously  reported 
for  luxlisited  duration  of  exposure  (i)  and  by  Baker  for  an  exposure  duration 
of  .02  seconds  (2).  The  variability  of  coincidence  settings  decreases  with 
increase  in  luniinance  level,  rapidly  at  first  and  then  more  slowly  as  the 
c’s-ve  approaches  « limiting  value.  Th^  individual  data  reveal  that  there  is 
improvement  in  performance  from  session  one  to  session  two  for  aj.l  subjects 
at  all  l.'vels  of  luminance  except  the  lowest,  at  which  one  subject  showed 
no  decrease  in  variability.  There  are  no  consistent  trends  in  izzprovement  for 
the  remaining  two  sessions.  Of  interest  also  are  the  values  of  the  best  scores 
for  the  ijubjects  Su  and  Bt  wiiich  are  as  good  or  better  than  the  best  acTiltiss 
previously  reporiied  for  unlimited  dxiration  of  exposure  with  the  same  apparatus  (1), 


MAIN  EXFEPvP.®IT 

In  the  light  of  the  preliminary  results,  it  was  decided  to  Inyestigste 
the  effect  of  practice  wMle  comparing  performance  at  the  short  and  unlimited 
duration  of  expoaurs  and  for  only  two  l^jminance  levels,  A total  of  32  male 
undergraduates  serving  for  pay  were  each  assigned  randomly  to  one  of  four 
stimulus  conditions  of  long-dim,  long-bright,  short-dim,  and  sl'ort-bright.-  At 
the  long  exposure,  the  luminance  val\ie  of  the  test  object  was  I425  ndllllainberts 
for  the  bright  condition  and  ,085  millilambert  for  the  dim  group,  the  test 
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TABLE  I 


Standard  Deviatloa  of  Vernier  AdJustjaents  in  Seconds  of  Arc  as  a Fxmction  of 
Lnminancfe.  for  Four  Experimental  Sessione.  Duration  of  Exposure  Was  .002  Seconds 

Luadnance 

Subject  Session  Threahcld) 


1 

45.6 

25.2 

16.8 

16.8 

21.6 

Bt 

2 

30.6 

22.2 

16.2 

12.6 

13.0 

3 

42.0 

16.8 

15.6 

23.4 

l4.4 

1+ 

42.0 

27.0 

18.0 

0.6 

9.6 

1 

57.6 

42.0 

27.0 

35.4 

16.  a 

15.0 

Bu 

2 

15.6 

16.2 

10.2 

9.0 

3 

26.4 

15.0 

14.4 

16.8 

4,7 

k 

32.4 

23.4 

13.8 

16.2 

9.0 

1 

33.4 

46.8 

45.6 

26.4 

15.6 

Pk 

2 

40.2 

25.8 

15.0 

10.2 

11.4 

3 

19.2 

29.4 

25.2 

18.0 

nU  f. 

4 

12.6 

1^6 

21.6 

18.3 

21.6 

objects  being  visible  continuously.  For  the  short  e^osure,  the  same  pro- 
cedure was  followed  as  in  the  preliminary  experiment  and  the  lualnancs  levels 
for  the  two  gi'oups  were  in  the  sane  ratio  to  the  absolute  threshold  as  for  the 
continuous  exposure  conditions.  Ten  minutes  dark  adaptation  preceeded  each 
experimented,  session  for  the  dim  conditions  and  five  minutes  for  the  bright 
luminance  levels. 

All  subjects,  none  of  \diom  were  used  in  previous  e:qperimentB  with  the 
api>aratus,  made  6o  vernier  adjustments  divided  into  ei^t  trials  of  ten  ad- 
justments each.  Trials  one  through  four  were  ruii  on  the  first  experimental 
day  and  the  renaining  t-i  ials  on  the  fr-aioving  <iLs,y.  The  standard  deviations 
in  seconds  of  arc  arc  t-j,fc.ul6ted  in  Table  H,  and  the  aeaus  as  a function  of 
trials  eure  plotted  in  Fig.  3. 

Statistical  conparison  of  trial  one  with  trial  eight,  sunmarlged  in 
TVible  in,  reveals  that  the  improvement  In  performance  demonstrated  by  three  of 
the  four  stimulus  gi'oups  is  insignificant.  Ccnparlson  of  trial  one  with  triad, 
two.  Table  S’,  8d.SC  shows  that  all  groip  changes  are  not  statisticali.y  reliable. 

An  overall  etnalysis  of  variance,  stmanaurized  in  Table  V,  dewnstrates  the  slg- 
nlflcauice  of  both  Ixaninancs  level  and  duration  beyond  the  .01  level  of  confidence. 
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TABLE  II 


Standard  Deviation  of  Vernier  Adiustments  in  SecondBof  Arc  as  a Function  of 
Fraotice  for  Foisr  Stimulus  Conditions.  Each  Trial  Is  Based  on  Ten  Vernier 


Adjusti&ents.  Trials  Cee  to  Four  Were  Run  on  the  First  Experimental  Day, 


Trieds  Five 

to  Eight  on  th 

s Following  Day. 

Subject 

Trials 

(Short -Dim) 

He 

44.8 

47.2 

61.0 

52.8 

67.3 

69.4 

77.4 

71.9 

Br 

53-3 

26.2 

23.1 

34.2 

31.7 

mo 

30-1 

29.4 

Wt 

4o.O 

■in.S 

44.0 

31.5 

48.7 

25.0 

25.7 

25.0 

Me 

42.2 

17.8 

14.1 

2i.i 

25.8 

11.9 

41.6 

23.8 

OH- 

52,8 

37-9 

30.3 

21.  e 

21.7 

33.6 

25.0 

23.8 

Dr 

48.2 

32.2 

54.9 

36.6 

81.2 

45.4 

32.3 

44.9 

So 

40.0 

<4.2 

27=4 

31.1 

36.1 

28.  s 

3'5.1 

27.  S 

Be 

32.3 

38.3 

35.7 

34.1 

31.8 

51.9 

78.7 

42.1 

Trials 

(Long-Dim) 

Pe 

14.7 

13.3 

10.5 

11.6 

25.0 

8.2 

lh.6 

11.0 

Xb 

11.6 

24.5 

24,5 

39.3 

7.5 

19.3 

46.4 

6.9 

l4.5 

Co 

43.2 

49.7 

49.9 

18.3 

37.6 

40.8 

45.0 

An 

56.9 

41.6 

33.4 

35.1 

39.6 

38.5 

27.4 

20.1 

Pr 

27.7 

26.2 

15.4 

13.7 

33.7 

16.5 

19.4 

23.2 

Ba 

58.0 

48.3 

30.0 

22.4 

38.6 

40.5 

25.0 

19.1 

K1 

13.3 

20.7 

26.4 

23.6 

14.7 

57.0 

20.1 

15.6 

Pa 

33.4 

27,2 

33.4 

21.3 

19.8 

30.9 

16.8 

21.7 

irials  (Short-Bright) 

Xu 

S.h 

21.4 

18.3 

16.8 

17.8 

20.9 

14.2 

13.5 

}ty 

14.3 

11.9 

15. 8 

13.3 

20.1 

19.8 

17.8 

14.7 

Eb 

38.1 

34.1 

41.5 

31.4 

16.4 

18.3 

23.1 

— 1 

Me 

r\ 

28.7 

49.1 

45.6 

37.9 

47.2 

44.2 

46.0 

PI 

19.0 

22.2 

18.5 

18=5 

15.0 

9.6 

7.8 

7.3 

Dw 

13.5 

15.6 

14.0 

9.2 

19.4 

18.7 

13.6 

13.4 

Da 

23.0 

24.8 

32.4 

26.0 

52.0 

50.7 

55.3 

47.2 

Gr 

22.9 

35.2 

46.5 

16.3 

20.0 

20.7 

19.0 

24.7 

• 

Trials  (Long-Bright) 

Sp 

18.9 

12.8 

9.7 

11.8 

13.5 

10.9 

7.3 

9.2 

Ad 

9.7 

12.3 

10.2 

8.2 

7.6 

9.6 

8.4 

6.4 

Go 

6.9 

11.0 

4.8 

6.1 

5.2 

5.6 

U.4 

5.4 

3i 

10.4 

11.5 

11.6 

8.7 

12.5 

9.8 

5.5 

3-9 

La 

17.0 

17.4 

17.5 

18.5 

11.7 

9.6 

8.1 

14.8 

El 

13.2 

6.4 

9.6 

6.5 

28.1 

10.-9 

10.3 

9.5 

Re 

10.7 

9.0 

11.1 

8.3 

14.1 

6.5 

8.6 

9.2 

Yo 

35.2 

12.2 

14.1 

9.6 

15.7 

15.5 

7.7 

6.6 
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■lABLE  III 

Iinprovenent  Measures  from  TrieiLs  One  to  Eigiit. 

Ejqfosure  Time  Luminance  Level  Ro’.>  i-Jarginals 


Dim 

Brigi.. 

Short 

Lx  « 65.63 

Lx2  = 2,995.52 

£x  - -4.32 

Zx2  . 1,431.57 

61.31 

Long 

Lx  - 89.32 

Lx^  « 3,080.28 

Lx  - 53.82 
*.  966.64 

143.14 

Coluiuii  rKLTginals 

154.95 

49.50 

204.45 

SuiLmary  Table  (for  above  data) 


Source 


S\«p.  of  Squares  df  Mean  Sqtiare  F 


Exposure 

Limiinance  level 

Interaction 

Eriror 

Total 


209.26  1 209.26 

3^7.  **7  1 3*<-T-V7  1.48 

37. IG  1 37.10  

6,573-93  28  234.76 

7.167.77 


TASLE  IV 

Incprcvsmsnt  Measures  from  Trials  One  to  Two. 

Ewosure  Time  Luminance  Level  Row  Marginals 


Brigh'c 


Short 

Ex  » 86. p5 

Ex“  ■ 1,964.64 

£x  « 

.*  .y  ~ tK 

-17.72 

427.32 

YO.63 

Long 

Ex  » 15.36 

Ex^  m 956.85 

Ex  « 
Ex^  « 

29.26 

641.40 

44.62 

Col^mln  Mairginals 

103.91 

•* 

.54 

115  .>5 

Sv!!sr!£*x'y  (I'or 

vs  data) 

Source 

Sum  of  Sqiiares 

df 

Mean  Square 

F 

Exposure 

Luminance  leivel 
Interaction 

Error 

Total 

21.47 

266.63 

451.2a 

2,834.31 

3,573.69 

1 

1 

1 

28 

29 

21.47 

266.63 

451.28 

101.23 

2.,  66 
4.50* 

^Significant  at  .05  level  of  significance 
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TABI£  7 


Acviity  Mca8ur?a'"*a8  e,  ifunction  of  Intensity  gva<3  l^ation. 


Exposure  Ti?ne 


Short 


Long 

Coluisn  JfeirgiWAis 


So’JTce 

Luniuance  Level 
Exposure 
IiAtersct  ion 
Senlleation 
Total 


Luzulnaince  Level 


Row  Margitw-J.6 


Dim 

Bright 

t_o^'T448 

1*8.8519,9604 

18.0371 

40.9165,4565 

37.7819 

18.4901 

42.9156,6125 

15.4565 

29.9438,1673 

33*  9^*66 

38.2349 

33.4936 

71^7265 

Simsary  Thble  (for 

above  data) 

Sum  of  Squares 

df 

Hsac  Square 

F 

.4596726 

1 

.4596726 

20.292«* 

.7024976 

1 

.7024976 

31.011** 

.0549373 

1 

.054*5373 

2.425 

,63431*87 

28 

.0226531 

X. 8514562 

•an 

......... 

-- — 

^^Significant  beyond  the  .01  level  of  signlfici«ce. 


inspi^ctlon  of  the  individual  data  shows  that  six  of  ihe  eight  subjects 
in  the  short-dim  group  improved  from  trial  one  to  trial  t.-wu,  while  ih©  other 
two  subjects  performed  progressively  poorer  with  pra’ctilce  . For  the  other 
three  stinraius  groves,  rome  subjects  show  ieprovement,  scare  remain  the  sauxs> 
while  others  become  less  precise  as  a function  of  practice.  Indlviduai  dif- 
ferences are  Large,  scwie  of  the  scores  in  the  stiealuB  group  which  on  the 
average  gives  the  best  perfonaBnee  (long-bright)  were  poorer  than  the  best 
scores  from  the  groiip  giving  the  poorest  performance  (short- dim).  With,' - 
a given  group,  difference  in  scores  as  large  as  seven  to  ens  ars  found. 

DISCUSSION 

Kis  iiqprovement  in  the  precision  of  vernier  adJustmentB  which  occiirs 
for  some  subjects  is  seen,  upon  aL'alysis  ox  a lau’ger  groirp,  not  to  hold  for 
all  individuals;  Ibe  impr cvement  whicii  does  occur  Is  primarily  dxiring  the 
first  lO  adjustments  for  the  short- dvirat ion,  low  luoinence  level,  altnough 
sotre  subjects  for  all  stimulus  conditions  become  more  precise  with  practice. 
The  discrepancy  among  individuals  is  marked,  some  showing  iigprovement  tdii?© 
others  remain  the  same  or  perform  less  precisely  with  practice.  Individual 
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ifej-ences  aPe  also  unuau&ll^  large.  These  results  suggest  that  further 
u^Alysis  of  vernier  performance  may  lead  to  the  identification  of  factors 
rsaponsible  for  these  differences.  In  particular,  it  would  seem  important 
to  analyse  the  effects  of  cues  signaling  the  onset  of  the  short  duration 
flash,  instruction  in  •'bracketing"  prcsadura,  information  concerning  per- 
"orsaance,  rate  of  presentation  of  flashes,  adaptation  level  of  the  eye,  and 
iaoti*o.ti''ttol  factors  "s  thtry  influence  both  acquisition  of  skill  and  the  re- 
lative performance  undo.  =hi:rt  .nd  long  durations  of  exposure. 

iTie  Superiority  of  tho  long  over  the  short  duration  of  exposure  for 
rcaparable  levels  of  luminance  and  the  improvement  resulting  from  increased 
luimlnance  level  are  in  -fgrsament  with  the  results  of  previous  investigators 
S/'  acuity  function  for  both  exposure  conditions  decreases  in  varia- 
bility with  luminance,  at  first  and  then  more  slowly  as  it  approaches 

» lii'lting  value  of  acuity  at  the  higher  luminance  values.  The  effect  of 
decr^ai^ing  the  duration  of  exposure  is  to  shift-  this  entire  function  to 
high  values  of  variability. 
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NOTICE:  WHEN  GOVERNMENT  OR  OTR«l  URAWDf^H  tl  PtCmCATlCSK^  OH  » > ' T1 
AkE  USED  FOR  AITi  PURPOSE  OTHER  'fHAf?  Of  CC?0{  tC  ITOK  WTH  A mrmi  "I 
GOVERNMENT  PROCUREME^JT  OI^ERAVTOw.  THE”  GOVERKlllEHT 
NO  RESPONSIBILITY,  NOR  ANY  OBLIGATION  WHATSOISV  AlO  TBE  FACT  Ta 
GOVERNMENT  MAY  HAVE  FORMULATED,  FURNISHELa  C-R  IN  ANY  VAY  SUP'rL’ 
SAID  DRAWINGS,  SPECIFICATIONS,  OR  OTHER  DATA  B XTT  TO  BE  1lEO/RL>4’U 
IMPLICATION  OR  OTHERWISE  AS  IN  ANY  HANKER  UClOrSlNG  THE  IIOIJDER 
PERSON  OR  CORPORATION,  OR  COKW^EYING  ANY  RIGE  T Cm  PERMISSION  v ■ 
USE  OR  SELL  ANY  PATENTED  INVENTION  THAT-MAY  IN  ANY  WAY  BE  REL, ' C'  , 3 


RcprocSuccd 

OCUMENT  SERViCi:  CENTE 

KNOTT  BUILDINO,  DAVTO  T,  2.  OHEO 


Because  of  our  limited  supply,  vcu  s^e  rcrjaeeted  to  ret,\iTi  tills  copy  IT  E 

YOLHt  PURPOSE  so  that  it  may  ue  maoe  araiinrie  to  ciitc?r  res^ster*?,  5four  co 
be  appreciated. 


